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Introduction
The paleocontinental positions of tectonic elements constituting eastern Asia for the Paleozoic are poorly known, especially by comparison with the Atlantic-bordering continents. Few paleomagnetic data obtained by modern techniques are available (e.g., McElhinny et al., 1981) although additional information is being developed (Lin et al., 1985) . The plate tectonic evolution of eastern Asia, especially in the pre-Tertiary, is consequently not well documented.
In an effort to augment the sparse paleomagnetic data base for one of the major tectonic Zhang et al. (1984) .
Heavy dashed line is Tancheng-Lujiang fault zone. Formations Nl-N8 from Nanjing area (filled star) and Yl-YlO from
Yichang area (open star). See Table 1 for key to formation names and ages.
Geologic setting and sampling
An outline of the geological development of China in terms of plate tectonics was recently given by Zhang et al. (1984) . The Yangtze craton was fundamentally consolidated after the Yangtze orogeny (ca. 850 Ma), much later than the stabilization (ca. 1750 Ma) of the Sino-Korean craton (North China block) with which it is sutured on the north, across the Qinling foldbelt. The basement of the Yangtze craton is overlain by a sedimentary cover, starting with continental molassetype redbeds and glacial deposits of the late Precambrian Sinian System and a conformable platform sequence of Cambrian to Silurian marine carbonate and argillaceous rocks.
In the Yichang area, middle Silurian strata are disconformably overlain by middle and upper Devonian marine elastic deposits which in turn are overlain by lower Permian limestones with slight angular discordance. Cretaceous continental redbeds unconformably overlie the Paleozoic and lower to middle Triassic marine strata. The gentle folding evidently took place sometime in the interval from late Triassic to late Jurassic in this area.
In the Nanjing area, a similar stratigraphic sequence as in the Yichang area is observed, except that lower Carboniferous quartz sandstones and limestones and upper Carboniferous limestones are also present. In contrast to the Yichang area, however, folding consists of tight upright to overturned anticlines and more open synclines which include Triassic and lower to middle Jurassic in their cores. A stage of folding therefore occurred in late Jurassic or younger time.
A total of 549 oriented drill-core samples were analyzed in this study, distributed over 101 sites in the 18 formations. Sites are groupings of three or more independently oriented samples taken over several meters stratigrap~cally.
In the Yichang area, 309 samples come from 54 sites in ten formations that range in age from early Cambrian to early Permian, with only the Carboniferous System not represented. Bedding dips of the Yichang sampling localities range to only 24' and are mostly less than 15' so that there is little opportunity for fold tests.
In the Nanjing area, 240 samples come from 47 sites in eight upper Cambrian to lower Triassic rock units, Bedding dips at the Nanjing sampling localities range from about 45" to near vertical and overturned. Unfortunately it was not possible on this field trip to sample any of the formations on different limbs of folds. There was, however, sometimes sufficient variation in bedding dips, usually about 15 ' but in one case nearly 60 ', at the available sampling localities to allow a tilt test on the magnetizations.
For convenience of discussion, the sampled formations will be referred to numerically, prefixed by Y for the Yichang localities and by N for Nanjing localities, keyed in Table 1 along with dominant lithologies, ages and the number of sites/samples collected from each.
Paleomagnetic measurements
Specimens 2.2 cm long were cut from the 2.5 cm diameter cores for measurement of the natural remanent magnetization (NRM) on either a twoaxis cryogenic or a computerized flux-gate magnetometer. At least one pilot sample per site was subjected to a detailed program of progressive demagnetization treatments using alternating field (AF) or thermal techniques to determine the most efficient method of resolving components of magnetization in the remaining samples. Components * Age of rock unit is indicated by C for Cambrian, 0 for Ordovician, S for Sihtrian, D for Devonian, Cl for lower and Cu for upper Carboniferous, P for Permian, and Tr for Triassic; subscripts 1, 2, and 3 refer to lower, middle and upper subdivisions. N is the number of sites, nr is the number of samples with acceptable data to ns the number of samples measured. Paleopole positions and associated circles of confidence A,, are calculated from magnetically and/or thermally cleaned site-mean VGPs (except Y5, Y8 and N6 which are calculated by sample VGPs), before (geographic) and after (bedding) tilt corrections. PO indicates polarity (N for normaf, N/R for normal and reverse polarity) and Ft is fold test, -f for statistically-si~ificant negative, + f for positive, otherwise indeterminate. of magnetization were recognized as linear progressions of demagnetization vector end-points on orthogonal plots (Zijderveld, 1967) . Principal component analysis (Kirschvink, 1980) was used to estimate the direction represented by the colinear array of three or more data points defining the component of magnetization. In most samples the magnet~ations were essentially u~vecto~al and in these cases the origin was included in the analysis.
The rather straightforward demagnetization behavior found in these samples allows us to describe the results from the 18 formations in a concise way.
Yichang
After removal of spurious magneti~tions in initial stages of demagnetization, the dominant component of NRM in the Cambrian to Permian rocks from Yichang is revealed as northerly with moderate downward inclination (Fig. 2 ). In the Camb~an carbonate formations Yl, Y2, Y3 (Fig. 2a, b, c) , the Silurian limestones, Y7 and Y8 (Fig.  2g, h ) and the Permian limestone YlO (Fig. 2j) 
Nanjing
There is more variability in the magnetizations of the eight formations studied in the Nanjing area (Fig. 3) 3a, b, h, k); stability of NRM to AF treatment is typically high (Fig. 3b , k) to very high (Fig. 3a) . The demagnetization behavior of samples from NS is unremarkable except that the single component magnetizations tend to be easterly and the NRM intensities are higher than in other limestone units (Fig. 3f, g ). A more distinctive feature, the presence of dual polarity (northerly and down, normal, as well as southerly up, reverse), is however revealed in demagnetization of three of the units, the mauve-colored Silurian sandstone (N3), the red Devonian sandstone (N4) and the gray Permian limestone (NS). In N3 the two polarities are rarely seen in the same sample but can occur in different samples from the same site; the demagnetization behavior of samples with either normal or reverse polarity is nevertheless other-137 wise virtually identical, with unblocking temperatures distributed up to about 65O'C (Fig. 3c, d ).
In units N4 and N7, however, both polarities can occur as separate components within an individual sample. In both these units, a high coercivity reverse component is revealed in some samples after the removal of a lower coercivity normal component; the reverse component has unblocking temperatures as high as 670°C (Fig. 3e, j) . In other samples only the normal polarity component seems to be present, with unblocking temperatures that tend to be lower than for the reverse component but which can still be 6OO'C or more (Fig.  3i) . Judging from the high unblocking temperatures of dual polarity units (N3, N4 and N7), hematite is likely to be an important contributor to remanence in these rocks despite the lack of obvious red coloration in two of them (N3 and N7).
Analysis of results
About 83% of the samples measured provided interpretable demagnetization trajectories. In the remaining samples, progressive demagnetization generally did not reveal any systematic behavior, usually because of instability of magnetization but frequently also because of weak NRM intensities. In the case of samples with dual polarity directions in units N4 and N7, only the final component was calculated for further statistical analysis.
In the Yichang area, bedding variation within any sampled formation is with one exception less that 7" and the only opportunity to make a semblance of a fold test was for unit Y4. The bedding at three sites in Y4 dipped lo"-15' E and at five sites dipped 10 "-24" S. The precision parameter before tilt corrections are made is a factor of 3.1 larger than after tilt corrections for the eight sites. The fold test is therefore negative at the 95% confidence level (McElhinny, 1964) and the magnetizations of this lower Ordovician limestone are clearly secondary and post-Jurassic in age.
In the Nanjing area, bedding variation within the sampled formations was generally greater than at Yichang but sufficient in only two units, N2 and N7, to provide a statistically decisive fold or tilt test. In these two cases, because of the relatively large number of sites (N2) or a relatively large tilt variation of about 60" (N7), negative fold tests significant at 95% and 99% confidence levels, respectively, were obtained. Unit N7 (Fig.  4) is especially interesting because both polarities occur; before tilt correction the averages of the normal and reverse sites are within 3" of antiparallel but become more than 25" from antiparallel after tilt correction. This supports the secondary nature of the magnetizations already inferred from the negative fold test, even though opposite polarities are sometimes taken as evidence for original or primary magnetizations. For 1 nA/N 100" C ( Fig. 5, a) whereas demagnetization temperatures can extend to about 680°C for type II (Fig. 5, b) . Type I behavior, observed most prominently in unit Y4 but also observed in some samples from Nl, is consistent with a contribution from high coercivity, low blocking temperature geothite. Type II behavior, seen in the reddish-colored limestones of units Y5 and Y6 but also in the drab limestones of N6 and N7, is most probably due to the presence of high coercivity, high blocking temperature hematite. More commonly observed, however, is type III behavior, characterized by saturation IRM achieved by 0.1 to 0.2 T and maximum unblocking temperatures of around 4OO*C (Fig. 5, c) . The identity of this low which are characterized by an approach to saturation IRM by about 0.2 T and maximum unblocking temperatures of 550 "-600 o C (Fig. 5, d ).
Paleopoles
The site-mean directions were converted to virtual geomagnetic poles (VGPs) and these were averaged to obtain formation-mean paleopole positions and associated circles of confidence, both Table 1 ). These paleopoles are plotted without bedding tilt correction and are compared to an early Cretaceous pole (Kl; Lee et al., 1985) , a late Cretaceous pole (Ku; Kent et al., 1986) , and a middle to late Tertiary pole (Tmp; Lin et al., 1985) for South China.
in geographic and in bedding coordinates (Table   1) . Although the circles of confidence for all but two of the paleopoles (in geographic coordinates) do not include the present dipole field axis, twothirds of the formation paleopoles, however, group in the vicinity of late Mesozoic pole positions, in particular, those recently obtained from upper Cretaceous rocks from the Nanjing area (Kent et al., 1986) and from lower to middle Cretaceous sediments and volcanics from South Korea (68' N, 205"E; Lee et al., 1985) both with positive fold tests (Fig. 6) . Considering the consistency and location of these paleopole positions, the wide age range of the formations and the convincing negative fold test on a member of this group (N7), it is plausible to draw the conclusion that these formations (Yl-Y4, Y7, Y9 YlO, N3, N4, N6, N7) were completely remagnetized in the late Mesozoic, most likely in the Cretaceous.
Although normal polarity magnetizations are usually observed, the presence of reverse polarities in some of the units (N3, N4, N7) would suggest that some remagnetization also occurred prior to or after the Aptian to Santonian Cretaceous Long Normal Superchron (Lowrie and Alvarez, 1981; Kent and Gradstein, 1985) . Paleopoles for Y5, Y6, Y8, Nl, N2 (Fig. 6 ) N5 and N8 (Fig. 7) nominally fall outside this apparent Cretaceous remagnetization direction. We do not attach much significance to pole Y8 (Silurian sandstones from Yichang) because it is based on only 10 samples from one site and may therefore be subject to very localized structural problems or remanence inhomogeneities that cannot be evaluated. Poles Nl and N2 are clearly remagnetized on the basis of negative fold tests whereas poles Y5 and Y6 fall near to a suggested middle to late Tertiary pole for South China (74.2" N, 36.5" E A,, = 7.6"; Lin et al., 1985) . Thus these four poles (Nl, N2, Y5, Y6) could conceivably record remagnetization along a Tertiary loop of apw for South China although it is not clear why only normal polarities should be preserved during the Tertiary period of frequent reversals. The results from two limestone formations from the Nanjing area, N5 (lower Carboniferous) and N8 (lower Triassic), may be exceptions to the general pattern of remagnetizations documented in the bulk of the units studied here. For N5, the easterly and down directions give a mean pole in geographic coordinates (20'N, 153'E) that is far removed from documented late Mesozoic and younger paleopoles from South China (Fig. 7) . Therefore the directions of N5 are not readily attributed to a post-folding remagnetization on this basis alone. For N8, the mean paleopole position in geographic coordinates is not incompatible with Tertiary remagnetization (Fig. 5) . However, for both N5 and N8, it is interesting that the precision parameter increases significantly after tilt corrections, by a factor of 3.8 and 3.5, respectively, when calculated according to sitemean VGPs even though there was no significant change in precision parameters when calculated for site-mean direction. We might therefore entertain the possibility that the magnetizations of N5 and N8 were acquired prior to folding.
Discussion
A principal if disappointing finding of this study is that most of the Paleozoic marine sedimentary units we sampled in the Nanjing and Yichang areas are demonstrated, or strongly suspected, to have suffered virtually complete remagnetization in late Mesozoic to Recent time. The main evidence for this is the grouping of most of these formation paleopoles in geographic coordinates near Cretaceous to Recent pole positions for South China, but it is not entirely circumstantial because statistically significant negative fold tests have been obtained on four of the units.
The remagnetization may be related to Yanshanian erogenic activity in the late Mesozoic in these areas of South China. Remagnetization events associated with orogenies elsewhere are now commonly documented, for example, during Jurassic to Paleocene Sevier/Laramide thrusting in the Rocky Mountains (Schwartz and Van der Voo, 1984) the Jurassic Nevadan orogeny in the Sierran foothills (Hannah and Verosub, 1980; Bogen et al., 1985) and the Permo-Carboniferous Alleghanian-Hercynian orogeny in the Appalachian-Caledonide belt on both sides of the Atlantic Ocean (Chamalaun and Creer, 1964; Creer, 1968; Roy and Morris, 1983) .
The association of the secondary magnetizations with secondary magnetic minerals like geothite, hematite, and possibly maghemite in the limestones from South China suggests that the remagnetization was to large degree of chemical or diagenetic origin, such as has been proposed for remagnetized Jurassic limestones from the Jura Mountains of Switzerland and France (Johnson et al., 1984) . The pervasive nature of the remagnetization in the two separate localities we studied in China moreover leads us to suspect that the remagnetization is not just of local significance. Indeed preliminary results of a paleomagnetic survey of Paleozoic rocks from Jiangsu, Zhejiang, Anhui and Hebei provinces of the South China block, and Shandong, Shanxi and Hebei provinces of the Sine-Korean (North China) block are reported to show a prevalence of negative fold tests and Mesozoic to Recent overprinting (Zhao and Coe, 1984) . Nor were useful paleomagnetic data from Ordovician, Silurian or Devonian sites from South China obtained by Lin et al. (1985) because of cited remagnetization in Recent or Mesozoic directions. Unfortunately, Lin et al. (1985) report paleopole positions only in bedding coordinates so it is not possible to critically evaluate their entire paleomagnetic database for the North and South China blocks in light of the now strong evidence for remagnetizations.
In contrast, the magnetic properties of the lower Carboniferous (N5) and lower Triassic (N8) limestones from Nanjing indicate that the magnetic carrier in these two units is magnetite, which at least is not necessarily of secondary origin. Paleopole NS in geographic coordinates does not correspond with expected remagnetized directions while there is a suggestion that the site-mean VGPs are better grouped after bedding tilt-corrections for both N5 and N8. On these admittedly tenuous bases, we explore the possibility that the stable magnetizations of N5, and less convincingly N8, pre-date late Mesozoic folding and may even represent original magnetizations.
The tilt-corrected paleopoles for N5 (61' N, 342' E) and N8 (56 o N, 320 o E) plot in the North Atlantic region whereas virtually all Paleozoic and Mesozoic poles for South China summarized by Lin et al. (1985) fall in the Pacific Ocean hemisphere (Fig. 7) . The sense of this disagreement is primarily in declination and would imply a counterclockwise rotation of 60" or more of the Nanjing area relative to the stable part of South China. Although this hypothesized rotation needs to be better substantiated by further paleomagnetic study, the proximity of the Nanjing area to the southern extension of the major NNE-trending Tancheng-Lujiang fault zone is noteworthy (Fig.  1) . More than 2000 km long, this transcurrent fault zone is regarded as having had up to 1000 km of left-lateral displacement, mostly in the Indosinian to Yanshanian movements (late Triassic to lower Cretaceous) (Yao and Fang, 1981) . It therefore does not seem unreasonable to suggest that the Nanjing area may have experienced large counterclockwise tectonic rotations in response to this major left-lateral shear. Major tectonic offset on this fault zone apparently ended by the early Cretaceous, which is consistent with the lack of evidence for systematic rotation in Cretaceous directions from the Nanjing area (Kent et al., 1986) .
